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Abstract
A dynamic model is established for Sirospun yarn processing. The oscillating frequencies of Sirospun spinning in vertical and
horizontal directions are approximately obtained using a variational iteration method. The condition for resonance is obtained.
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1. Introduction
Compared with air-jet spinning [1–3] or air-vortex spinning [4], Sirospun yarn spinning, which has now been
widely used in the worsted industry, has many merits: the strands are texturized to improve the bulk of the resultant
yarns, which have been demonstrated to possess more desirable properties. Sirospun yarns are stronger, and the
twisting operation binds the surface fibres into the yarn structure so that it is smoother and more resistant to abrasion
during weaving.
Recently quasistatic and dynamic models for Sirospun [5–7] have been established. Let the ends of the two strands
above the convergence point be fixed a distance 2L apart, and let the equilibrium position be H below; the motion
equations of the convergence point of the two strands in the x- and y-directions can be expressed as [7]
d2x
dt2
+ ω2x x + axy = 0, x(0) = A, x ′(0) = 0, (1)
d2y
dt2
+ ω2y y + bx2 + cy2 = 0, y(0) = B, y′(0) = 0, (2)
where
ω2x = 2 f b(L2 + H2)−1/2 − L2(L2 + H2)−3/2cM−1,
ω2y = 2 f b(L2 + H2)−1/2 − H2(L2 + H2)−3/2cM−1,
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a = 2 f b−H(L2 + H2)−3/2 + 3L2H(L2 + H2)−5/2cM−1,
b = f b−H(L2 + H2)−3/2 + 3L2H(L2 + H2)−5/2cM−1,
c = f b−3H(L2 + H2)−3/2 + 3H3(L2 + H2)−5/2cM−1.
Here M is the total mass of a fixed control volume whose mass center locates at the convergence point of the two
strands when the system is in a steady condition, f is the force acting on the two strands.
2. Variational iteration method
Applying the variational iteration method [8–10], we can construct the following iteration formulae:
xn+1 = xn + 1
ωx
∫ t
0
sinωx (s − t)
{
d2x
ds2
+ ω2x x + axy
}
ds, (3)
yn+1 = yn + 1
ωy
∫ t
0
sinωy(s − t)
{
d2y
ds2
+ ω2y y + bx2 + cy2
}
ds. (4)
We begin with the initial solutions:
x0 = A cosΩx t, (5)
y0 = B cosΩy t, (6)
where Ωx ,Ωy are the frequencies in the x- and y-directions respectively.
By the iteration formulae (3) and (4), we have
x1 = A cosωx t + 1
ωx
∫ t
0
sinωx (s − t){A(ω2x − Ω2x ) cosΩx s + aAB cosΩx s cosΩys}ds
= A cosωx t + 1
ωx
∫ t
0
sinωx (s − t)
{
A(ω2x − Ω2x ) cosΩx s
+ aAB
2
[cos(Ωx − Ωy)s + cos(Ωx + Ωy)s]
}
ds
= A cosωx t + A(ω2x − Ω2x )
cosωx t − cosΩx t
ω2x − Ω2x
+ aAB
2
cosωx t − cos(Ωx − Ωy)t
ω2x − (Ωx − Ωy)2
+ aAB
2
cosωx t − cos(Ωx + Ωy)t
ω2x − (Ωx + Ωy)2
(7)
y1 = B cosΩy t + 1
ωy
∫ t
0
sinωy(s − t)
{
B(ω2y − Ω2y ) cosΩys +
1
2
bA2(1+ cos 2Ωx t)
+ 1
2
cB2(1+ cos 2Ωy t)
}
ds
= B cosΩy t +
B(ω2y − Ω2y )(cosωy t − cosΩy t)
ω2y − Ω2y
− (bA
2 + cB2)
2ω2y
(1− cosωy t)
+ bA
2(cosωy t − cos 2Ωx t)
2(ω2y − 4Ω2x )
+ cB
2(cosωy t − cosΩy t)
2(ω2y − 4Ω2y )
. (8)
If the first iteration is enough, then using the conditions
x ′′(0) = −ω2x A − aAB, y′′(0) = −ω2yB − bA2 − cB2 (9)
we can determine the values of Ωx and Ωy .
3. Resonance
From (7) and (8), we can obtain the resonance condition of the coupled oscillator (1) and (2), which reads
ω2x − (Ωx − Ωy)2 = 0, or ωy = 2Ωx . (10)
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In the case where a is small, then Ωx ≈ ωx . In such a case, resonance occurs when
2ωx = ωy . (11)
That is, L = 2H or the convergence angle 2α0 = 2× 63.43◦, which agrees with our previous study [5].
4. Conclusion
The conditions for resonance, which should be avoided in the spinning procedure, can be easily obtained using a
variational iteration method.
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